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sons of chlorinated organic concentrations recovered before and after
biostimulation, and experiments in which the required electron do-
nors and/or acceptors were eliminated, indicated that in situ
bioremediation was successful in both field studies. The transport
and degradation of the organics were quantified and the reaction
kinetics were calculated by fitting models to the experimental data.
The extensive instrumentation and monitoring facilities used in these
studies provided much more accurate mass balances than could be
expected for typical field applications.

2.   Natural gradient tracer tests were used to compare methane
oxidation activities in pristine and sewage-contaminated aquifers (Smith
et al., 1991).   Two inert ion tracers, chloride and bromide, and an
inert dissolved gas tracer, hexafluoroethane, were used to determine
advective and diffusive ground water characteristics. Methane break-
through curves were measured at both sites, and methane oxidation
was estimated from differences between tracer and methane recover-
ies. Methane oxidation was confirmed by injecting carbon-13-labeled
methane and by recovering carbon-13-labeled carbon dioxide. Quan-
tification of the methane degradation was possible, and a one-dimen-
sional transport-and-decay model was used with the field data to
determine kinetic degradation parameters.

3.  Push/pull tests were used in a field study to determine whether
oxygen addition was enhancing the subsurface degradation of poly-
nuclear aromatics (Borden et al., 1989). Ground water was extracted
from the aquifer, mixed with aromatics and chloride tracer, oxygen-
ated or deoxygenated, and then rapidly reinjected into the bioactive
zone.  Samples from the reinjection well were analyzed periodically
to determine oxygen, aromatics, chloride, and conductivity. The tracer
was used to determine the recapture efficiency and to help compen-
sate for dilution factors.   While a comparison of results from the
oxygenated and deoxygenated tests suggested that oxygen enhanced
aromatic degradation, thus proving successful bioremediation, data
from the push/pull test alone were not sufficient to quantify the
degradation.

4.   Indirect evidence for remediation of coal tar constituents was
collected by conducting laboratory comparisons of degradation ac-
tivities and microbial distributions in contaminated and pristine core
samples (Madsen et al., 1991).   Increased numbers of contaminant-
degrading microorganisms in the contaminated cores, coupled with
increased populations of protozoans within the contaminant plume,
provided evidence for in situ bioremediation but did not permit quan-
tification of the degradation.

5.    In situ bioremediation of jet fuel was qualitatively demon-